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INTRODUCTION 
Schistosomiasis ranks high on the list of dis-
eases affecting large numbers of people throughout the 
world. With t h e disp ersal of service men in World War II 
and the increase in transoceanic travel, the p ossibility 
of further dissemination has become greater. As a result 
of t h is, investigation within the pas t ten years has pro-
ceeded along many avenues of approach and almost every as-
pect of t h e three typ es of blood fluk es parasitic on man 
has been studied. Many new reservoir hosts have been dis-
covered. In a region of Brazil 16 out of 27 rats were 
found n a turally infected Hith Schistosoma mansoni (Barbosa, 
1955). A gerbil in Egyp t has been added to the list (Kuntz, 
1953). Bhalerao (19~.8 ) noted that in India other s p ecies 
of schistosomes are the most i mportant parasitic group un-
dermining the health of domestic animals . It is no longer 
p ossible to con sider this as a problem of s pecific limited 
regions but rather a s a complex of strains and varieties 
tha t will re quire much more study. 
The rel a ted form, Schistosomatium douthitti (Cart) 
has many advantag es for exoerimentation. This parasite, 
v.rhich can be maintained in the labora tory without gre a t 
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difficulty, has a life cycle similar to the forms parasi-
tizing man, but it is not pathogenic for man, except in 
the case of carcarial dermatitis. In laboratory animals 
it produces results similar to those of the genus Schis-
tosoma, notably pseudotubercles in liver, spleen enlarge-
ment, malnutrit~on, and internal hemorrhage due to occlu-
sion of blood vessels. 
The life cycle of this parasite may be briefly out-
lined as follows. Adult worms live in the hepatic blood 
vessels and mesenteric veins of the mammalian host. Im-
mature unembryonated eggs are deposited in the small blood 
vessels of the intestine and of the liver where they ma• 
ture in about two weeks. When the blood vessels of the 
intestine rupture, the eggs gain access to the lumen of 
the intestine and pass to the exterior with the feces. 
They hatch in fresh water and the miracidia thus released 
penetrate the soft tissues of the snail host. Each mira-
cidium is capable of producing one mother sporocyst, an 
elongated sac usually located at the anterior end of the 
snail. This in turn produces germ balls each of which 
develops into a daughter sporocyst which migrates to the 
liver of the snail and produces a very great number of 
germ balls, each of which becomes a bifurcated cercaria. 
These escape from the daughter sporocyst into the tissues 
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of the snail and then into the fresh water, using up 
one pair of penetration glands in the process. When they 
find a suitable mammaiian host, they penetrate the skin, 
leaving their tails on the surface, and t~avel by way of 
the lymphatic vessels and nodes to the heart, along the 
pulmonary arteries to the lungs, through the lung stroma 
to the thoracic cavity, and through the diaphragm to the 
liver where they enter the portal circulation. Details 
of the migration in the mammalian host have been investi-
gated by El-Gindy (195,1). 
This complicated life cycle with its varying stages 
in two different hosts presents an unusual type of materi-
al for X-ray experimentation. The purpose of the present 
study is to determine what effect X-irradiation would have 
on the life cycle of this parasite in the laboratory, and 
to compare sensitivity of eggs with that of cercariae to 
varying dosages of X•irradiation. 
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LITERARY REVIEW 
Schistosomatium douthitti 
The cercarial stage of this trematode was described 
by Cort (1914, 1915) and named Cercaria douthittl• Tanabe 
(l923a) outlined the life cycle of ~· 2athloco2ticum from 
material which he collected in Boston and vicinity. His 
opinion that this was a new species in this genus has been 
seriously questioned. In the same year (l923b) he studied 
the complement fixation test with this parasite and its 
group reaction with Schistosoma Japonicum. Price (193·1) 
worked out the complete life history of e• douthitti, re-
porting additional experimental mammalian hosts and addi-
tional snail hosts with natural infections. At that time 
Price stated the possibility that s. pathlocopticum might 
be identical with~· douth~, and that the very small 
difference in the number of penetration glands might be 
due to error. In 1932 Cort and Talbot studied the behav-
ior of the cercariae and their time of emergence from the 
snail. 
Penner's discovery (1938) of a muskrat naturally in• 
fected withe· douthitti led him to study experimental in-
factions in mouse, rat, muskrat, guinea pig and snowshoe 
hare. Later the same author reported the exposure of a 
young rhesus monkey to cercariae and the recovery of 
schistosomulae in the lungs (1941). In further work on 
dermatitis-producing schistosomes, Penner (1942) reached 
the conclusion that ~· pathl~copticum (Tanabe) and ~· dou-
thitti {Cort) were synonymous. 
Germinal development in the snail host was studied 
by Cort, Ameel and Olivier (1944). Inter-generic crosses 
between ~· douthitti and ~· mansoni were the subject of 
experiments by Short (1948) who also reported (1951) her-
maphroditic females of s. douthitti. The influence of 
light on the emergence of cercariae and the reversal of 
the shedding eycle by reverse daylight were reported by 
Olivier (1951) while post-cercarial development was 
. -
studied by El-Gindy (1951). The development of worms in 
unisexual and in bisexual infections was investigated by 
Short (1952a) who found that female worms in unisexual in-
fections produced viable eggs. Later he reported on 
snails infected by these uniparental miracidia (1952b). 
Acquired immunity in mice infected with £• douthitti 
was demonstrated by Kagan (1952) and s. douthitti infec-
tiona in mice were compared with s. Jauonicum and~· ~­
~oni infections by Olivier (1952). Chemotherapy experi-
mente on the same three species of blood flukes were per-
formed by Kagan and Lee (1952). Further studies on the 
early development of the daughter sporocysts were con-
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ducted by Cort, Ameel and Van der Woude (1953). In a con-
tinuation of previous work on immunity Kagan and Lee (1953) 
found that the immunity acquired by mice after effective 
chemotherapy was lost in two to three weeks. In experi-
mental infections of rhesus monkeys with ~· douthitti and 
exposure later to cercariae of ~· douthitti and s. ~oni, 
Kagan (1953) observed that the monkeys were immune to the 
former but not to the latter. In 1954 Kagan, Short and 
Nez described methods and techniques for the maintenance 
of s. douthitti in the laboratory. In a separate report 
Short (1954) related his findings that miracidia of s. dou-
thitti live no longer than 25 hours. A study on gametogen-
esis with a description of the chromosomes was made by 
Nez (1954). 
X-i£!adiation of Schistosom~ 
In an experiment on therapeutic treatment of £• ~­
onica, Kawamura, Kazama and Kanaka (1924) used X-rays on 
some laboratory infected dogs and rabbits and on others 
which were naturally infected. They found that when the 
radiation was administered early in the course of the in-
fection, the adult worms failed to develop normally es-
pecially in regard to the reproductive organs. When the 
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radiation was not given until the worms had sufficient 
time to mature, the effect was so slight that the infec-
tion in the experimental animals differed very little 
from the untreated controls. 
X-i~diation of other invertebrates 
From the time of Muller's classic report (1927), 
experiments on X-irradiation have included most of the 
main groups of invertebrates from the Protozoa to the 
Echinodermata, with the greatest emphasis on insects 
and on Drosophila in particular. The varying condi-
tions under which many of these experiments were per-
formed must receive due consideration in any attempt to 
make general comparisons, for example, the quantity, 
quality and rate of the dosage, the temperature, pres-
sure and humidity, the medium, the sex and stage of de-
velopment of the animal, the developmental peculiarities 
of certain animals which are not duplicated in other 
groups, and chromosomal irregularities of some insects. 
The following have been selected from the experiments as 
pertinent to the present work. 
Daniel and Park (1953) reported that a dosage of 
450r given at a rate of 4 or 8r per hour stimulated re-
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production of Paramecium, while the same dose given in 
three minutes produced no effect at all. Wichterman and 
Figge (1954) found that 170,000r was lethal to Par~ium 
in a hanging drop preparation, but when the air was ex-
cluded by the use of a special Nylon syringe, the LD 
50/24 hours was 340,000r. The effect of X-rays on tryp• 
anosomes was investigated by Halbersteader (1938) who ob-
served that while the direct lethal dose ranged from 
lOO,OOOr to 600,000r, a dose as low as 12,000r which did 
not affect motility was sufficient to interfere with nor-
mal division and infectivity. Shoenborn (1953) obtained 
sigmoid survival curves for x-rayed protozoan flagellates, 
Astasia longa. Halbersteader and Back (1942) recorded 
three types of behavior of Pandorina depending on the 
dosage of x-ray: immediate death following large doses, 
delayed death following medium doses and no alterations 
following low doses. The ratio of dosage required for 
immediate death and for delayed death was 100:1. In the 
coccidian Diro li~ unfiltered X-ray of 1000 to 7000r 
produced aberrant sporogony in zygotes (Hauschka, 1944). 
In Mnemiopsis, a comb jelly, 1200r produced shrink-
age and loss of turgidity, 2400r caused partial decompo-
sition, and 4800 to 16,000r produced complete disintegra-
tion of the largest and most vigorous specimens (Evans, 
1943). He noted a similarity between these reactions and 
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the roentgen dispersion of jelly that surrounds the eggs 
of Arbacia, Aateri~ and Nereis. 
X-irradiation of the platyhelminths and annelids per-
formed by Van Cleave (1934) indicated that Stenostomum 
tenuicauda, a turbellarian, disintegrated within 4 days 
after a dosage of 20,000r given in 36 minutes, and that a 
similar dose was non-lethal to Pristina (oligochaete) but 
did prevent anterior head regeneration. Dubois (1949) 
reported that Planaria of various species were unable to . 
regenerate and died within a few weeks after heavy dosages, 
while lesser dosages delayed the process of regeneration. 
Among the parasitic nematodes a dosage of 750,000r 
was required to kill filtered trichina larvae !ll vitro 
within 1 to 2 hours (Gould, Van Dyke and G0mberg, 1953) 
5000 to 6000r was sufficient to prevent maturation to 
adults and 3500r permitted maturation but prevented re-
production. In co·mparison a dose of 15,000r given to in-
fected meat rendered it non-infective to experimental 
rats. Retardation of larval development in eggs of Asca-
ridia galli fo l lowed X-irradiation at 5000 and lO,OOOr 
(Babero, 1952) and more varied and more pronounced mor-
phological abnormalities resulted from dosages of 20,000 
and 40,000r. When a species of Rhabditis parasitic on 
dairy cattle was X•rayed with 10,000, 20,000 and 40,000r, 
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the first generation larvae showed accelerated mutation in 
the production of differences in refractive indices in sec-
tions of the intestine (Thomas and Quastler, 1949). 
The mollusks Radix and Thais were X-rayed by Bonham 
and Palumbo (1951) who reported that the LD50 decreased 
with time. The male sex cells of the hermaphrodite gland 
of the gastropod Ar!£u ~mpic~~ were about four times as 
sensitive to X-irradiation as the female cells (Schinz and 
Cocchi, 1944). Hartung (1947) centrifuged and irradiated 
oocytes of Physa and Lymnaea. The number of eggs devel-
oping decreased directly with increasing dosage, ranging 
from no effect at 200r, delayed egg production at 500r and 
complete absence of eggs or capsules after lOOOr. 
Among the many investigators of the effect of Xerays 
on the sea urchin, Evans (1943) found that catalase activ-
ity in extracts prepared from the sperm was reduced by 
roentgen irradiation. 
Females of the genus Armadillidium, an isopod crusta-
cean, were radiosensitive to dosages of 3750 to 7500r 
(Takewaki, 1947). The ovary showed varying effects from 
slight changes in some to almost complete degeneration in 
others, but the testis was not affected. 
Bozeman and Metz (1948) reported that the relative 
frequency of X-ray•induced chromosome changes in Sciara 
. --
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ocellaris varied according to the stage of development at 
the time of radiation. The LD5o of fertilized eggs of 
Aed~ togui was found to be more than three times as great 
as that for Culex £iniens 2allens (Nishiwaki et al., 1953). 
The wasp Habrobracon ~andis has been the subject 
of extensive X-ray experimentation by Whiting (1938) in 
the induction of dominant and recessive lethals, in the 
effect of fractional doses at different stages of meiosis 
(1945) and in the compilation of a dose-action curve for 
X-ray•tnduced dominant lethal and visible mutations (1947). 
Clark and Mitchell (1952) observed that the stage of devel-
opment at the time of radiation was extremely important for 
this species, and Sullivan and Grosch (1953) studied the 
resistance of the wasp to X-rays and internally administered 
p32. Studies on the grasshoppers, Chartophaga (Carlson, 
1938, 1942) and Melanonlus (Goodrich, 1943) have added to 
the data on the insects. The greatest concentration of 
effort has been focused on Drosophila sp. Hoed and Stoel 
(1940) recorded a smaller lethal action from ultra hard 
X-rays than from the ordinary 180KV, Koller (1942) described 
X-ray-induced structural changes. Griffin (1941) found 
translocations and modifications of the bar effect. Fryer 
and Gowen (1942) analyzed data on X-ray-induced gene muta-
tions. Catchside and Lea (1945) observed induction of 
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dominant lethals. The above indicate the wide variation of 
investigation that has taken place in regard to the effect 
of X-irradiation on the fruit fly. 
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MATERIALS AND N~THODS 
In 1952 the parasite was established in this labo-
ratory through the courtesy of Dr. Robert B. Short of 
Florida State University who supplied a group of labora-
tory-reared, infected Lymna~a palustri~ (Muller). The 
original stock had been obtained from the region of Ann 
Arbor, Michigan. Additional snails were purchased from 
General Biological Supply House, Inc., Chicago, Illinois. 
These were identified by Dr. William Clench of Harvard 
University as~· Qalustris also, and thereafter the prog-
eny of both groups were intermingled for breeding and in-
fection. 
Water from the spring at the Bynner Street section 
of the outlet of Jamaica Pond, Boston, was used through-
out the experiment. To avoid the possibility of infec-
tion by miracidia which might be naturally present, the 
water was kept in the laboratory for twenty-four hours 
before using. Observations on miracidia of this parasite 
have indicated that only a few weak, inactive specimens 
remained at the end of 24 hours, and all were dead at the 
end of 25 hours (Olivier et al., 1954). Large and small 
aquaria as well as culture bowls and Petri dishes were 
used as containers. In the small containers the water 
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was changed every day 0 r two, and less frequently in the 
larger ones. Pieces of washed lettuce leaves and dried 
maple leaves were supplied for food. A pinch of a 2:1 
mixture of powdered calcium carbonate and clean fine sand 
was added. 
Breeding snails 
Frequently the snails oviposited on the skeletons of 
the maple leaves which were easily transferred to breeding 
bowls. Egg masses deposited on the sides of glass con-
tainers were removed by means of a razor blade or plastic 
spoon and placed with the others. Ordinarily the egg pro-
duction for a week was put into one container. Within two 
weeks the eggs hatched and the young snails were trans-
ferred to an aquarium or divided among several culture 
bowls. As the newly hatched snails tended to crawl up 
above the water surface, these containers were kept fil l ed 
as near to the top as possible. Although Kagan et al. 
(1954) were able to maintain uncovered aquaria , it was 
necessary in this laboratory to use covers in order to 
keep the snails in and the bacteria out. 
Infected snails 
Infected snails were maintained in finger bowls and 
deep Petri dishes to permit easy examination under the 
dissecting microscope for the presence of cercariae in the 
water. Shedding snails were kept in reverse daylight as 
suggested by Olivier (1951). A chemical hood allocated to 
this purpose provided a convenie.nt location and the hot 
summer temperatures were lowered somewhat by continuous 
operation of the fan. Lights were turned on about 5:30 
or 6:00P. M. and turned off about 8:00 or 9:00A. M., at 
which time the containers were covered with black cloth. 
A few cercariae were present before the snails were put in 
darkness, but the greater portion were shed during the 
first few hours of the dark period. In the winter months, 
newly exposed snails were kept at a temperature of 24° 
to 26°0 during the period of incubation which required six 
to seven weeks at that temperature. After shedding com-
menced, the nightly drop in room temperature favored the 
snail and did not affect the parasite adversely. 
To obtain cercariae for use, the water from a cul-
ture dish was poured into a 50 or 100 ml. beaker and placed 
on a dark surface under a light. Within a few minutes the 
cercariae collected at the surface of the water. 
Exposure of the mammalian host 
Golden hamstere( Mesocri~tus auratus) aged six to 
twelve weeks were used as definitive hosts. By means of 
a loop of fine wire or hair attached to an applicator stick, 
cercariae were lifted from the surface film, counted under 
a binocular microscope and transferred to a culture dish 
containing pond water to a depth of three-fourths of an 
inch. The dish was placed in a gallon battery jar and a 
hamster put in for twenty minutes. At the end of this time 
the animal was returned to its cage and the finger bowl 
was examined for cercariae. A few dead cercariae were 
usually seen but no living ones were ever observed. In 
the recent exposures of hamsters for stock infections, the 
animals were subjected to a preliminary immersion in warm, 
uninfected water to induce urination and defecation, as 
the excreta are injurious to cercariae (Edwards and McCul-
lough, 1954). 
In many cases the counted cercariae were placed on 
the clipped, moistened abdomens of hamsters under Nem-
butal (sodium pentobarbitol) anesthesia, 0.13 cc. for each 
100 grams of body weight. 
Adult worms 
Forty days or more after exposure of the hamster to 
the cercariae, adult worms, miracidi~ or both were har-
vested. The hamsters were sacrificed by breaking their 
necks and making an abdominal incision. When adults only 
were desired and no egg count or X-ray was to be made, the 
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perfusion technique of Yolles, Moore et al. (1947) was 
used with certain modifications. A pair of i ridectomy 
scissors was most useful in dissecting worms from the 
mesenteric vessels. Worms were relaxed in co~d water 
and fixed in Carnoy's solution or Formalin-acetic-ale• 
hol. vVhole mounts were prepared using Gower's modified 
acid carmine (1939) and paraffin sections were made and 
stained with hematoxylin and eosin and Heidenhain's iron 
alum hematoxylin. 
In cases where an egg count or an x-ray was to be 
made, the viscera were removed quickly and the liver was 
placed in a separate dry Petri dish, while the remainder 
of the organs were covered with 0.85% NaCl. 
Miracidia 
The procedure outlined by McMullen and Beaver (1945), 
modified by Kagan et al. (1954), was followed. The liver 
was macerated, a spoonful of fine sand and a few drops of 
normal saline were added, and the mixture was ground with 
mortar and pestle for four minutes. This was washed and 
sedimented in a 500 ml. pharmaceutical graduate until the 
supernate was clear. Since feces treated in this way 
failed to provide sufficient eggs, liver was used with the 
occasional addition of small egg masses from the mesentery. 
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Claissen f l asks were adapted by bending up the horizontal 
arm to form a second, narrower side arm. The sand and 
liver sediment were put into the flask and pond water was 
added in the manner indicated by McMullen et al. (1945). 
When the flask was covered with black cloth, both arms 
were exposed to the light, but after the miracidi a ap-
peared in the main arm, this too was covered leavi ng only 
the narrow arm exposed, which was helpful in concentrating 
a small number of miracidia. 
Expos!:!!f! of int~ediate hos:!!_ 
Since there was great variation in size of snails 
hatched within a period of one week and developed in the 
same aquarium, size and not age was the criterion used in 
selecting snails for exposure. Snails ranging in length 
from 8 to 15 mm. were found most suitable, since smaller 
ones succumbed too readily to infection. By means of a 
pipette 5 to 10 miracidia were put _into a small test tube 
10 x 70 mm. The number was estimated by holding the test 
tube to the light and looking for the miracidia in motion. 
When one snail had been added to the tube, it was filled 
with pond water, stoppered and left in the light for 
twenty-four hours. Snails were then collected in groups 
for the period of incubation. 
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Unisexual exposures of one snail to one miracidium 
in vials 8 x 30 mm. were tried, but the resulting infec-
tiona were so few that this procedure was discontinued. 
After an individual. exposur~ it was still necessary to 
determine the sex of the cercariae by exposure and sacri-
fice of a mammalian host. Since unisexual infections may 
occur in some snails exposed to several miracidia, it was 
felt that the same result would be achieved just by ex-
amining the sex of the adults. This did not prove satis-
factory, however, for a hamster exposed to cercariae from 
one snail was found to contain only male adults, while a 
second animal exposed to infection from the same snail 
produced both males and females. 
X-irradiation, physical factors 
With the exception of eight experiments the irradi-
ation was done at the Boston University Biological Re-
search Laboratory using the custom-made machine with 
Maximar Tube. The physical factors for the work were: 
Kilovolts 
Milliamperes 
Distance from 
target 
Filtration 
145 
6.6 
29 em. 
0.5mm.Al. (Inherent) 
One minute tests were made with a Victoreen 250r ioniza• 
tion chamber, and dosages delivered at the rate of lOOr 
per minute. Dosage range was from 100 to 22,000 on eggs 
and from 100 to 8 ,000 on cercariae. 
Irradiation of ~ 
Liver for irradiation was macerated, ground finely 
with mortar and pestle, mixed to insure uniformity of 
sample, and divided for control and experimental work. 
The portion for irradiation was put into a small stender 
dish 27 mm. in diameter which just fitted within the 
limits of the smallest field of the beam. Both control 
and X-rayed portions were processed as indicated above, 
washed, sedimented, decanted and put in the side arm 
flask for the hatching of miracidia. Snails were exM 
posed to miracidia from X-rayed eggs and to controls, 
with 5 to 10 miracidia and one snail in a small test tube. 
Irradiation of cercariae 
Po oled cercariae from several snails were counted out 
with a hair loop onto a concavity slide. Three drops of 
pond water were added to prevent drying and a 200 ml. 
beaker of cold water was put into the irradiation chamber 
to absorb the heat. In the case of the cercariae irradi-
ated at the New England Deaconess Hospital where the ther-
apy type machine is not enclosed, a plastic cover slip was 
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used on the concavity slide to prevent evaporation of the 
pond water. After irradiation cercariae were examined for 
signs of activity and presence of tails. If more than 
half were moving, they were used to infect hamsters. 
Exposure of hamsters 
The concavity slide containing the irradiated cer• 
cariae was inverted on the clipped moistened abdomen of 
an anesthetized hamster. Controls were exposed simulta• 
neously with experimentals. The slide was left in posi• 
tion until the animal recovered from the anesthesia. 
Irradiation of infected hamsters 
A small number of hamsters were X•rayed with ab-
domen exposed and the remainder of the body shielded, 
immediately after cercariae had been applied. A few 
others were exposed to total body irradiation two weeks 
after exposure to cercariae. 
Examination of iQe stag~s of the parasite 
Sporocysts 
This portion of the study was limited to the daughter 
sporocysts since these provided more abundaflt material 
than the mother sporocysts. Snails which had been exposed 
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to miracidia we·t~e - sacrificed by crushing between two glass 
microscope slides, exerting sufficient pressure to break 
the shell without injuring the internal organs. Most of 
the shell was removed very easily in 0.7% saline, but 
frequently it was necessary to cut the attachment to the 
columella. Sporocysts were dissected in saline, stained 
with aceto-orcein, aceto-gentian violet or aceto-carmine, 
crushed and examined under the microscope. 
Cercariae 
Cercariae were transferred with a hair loop onto 
slides and stained with the same stains as the sporocysts. 
For permanent preparations they were placed on albuminized 
slides, fixed with hot Bouin's solution, stained with 
carmalum, dehydrated, cleared and mounted in diaphane or 
balsam. Temporary preparations were the most satisfactory 
for observation as there was no distortion or shrinkage. 
Adults 
Temporary whole mounts of stained and unstained adults 
and portions thereof were studied under the microscope. 
The stains were the same as used for the previous stages. 
Permanent whole mounts and paraffin sections were made as 
indicated on page 17 . 
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Eggs 
Sample portions of infected hamster liver were 
pressed between microscope slides for preliminary obser-
vation. Weighed samples were pressed between large glass 
plates, bound together temporarily with cellophane tape, 
and the number of eggs was determined under the dissecting 
microscope by means of a tally counter. After fixation 
in 10% formalin, paraffin sections of liver were prepared. 
Photographic procedures 
Photomicrographs 30X to 970X were taken with a Makam 
Photomicrographic Camera (E. Leitz, Wetzlar) on Kodak 
contrast Ortho photographic film. Kodak Wratten filter 
X2 #13 was used for the stained preparations. The light 
source was an American Optical microscope filament lamp. 
Negatives were developed with Kodak Microdol developer. 
Enlargements from 2 times to 7 times the original size 
were made on Dupont Al-3 Velour Black photo paper docu-
ment weight, by means of an Omega Type B-4 enlarger 
equipped with a Wollensak enlarging lens. Prints were 
developed in Kodak Dektol. 
Phase preparations were photographed by means of 
an American Optical compound microscope equipped with a 
phase contras t condens er and a dark medium phas e oil 
i rrunersion lens. 
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OBSERVATIONS 
OBSERVATIONS ON THE P~~ITE 
s2orocysts , Controls 
Because of the limited number of mother sporocysts, 
they were not made the subject of study to any great 
extent. A mother sporocyst with developing daughter 
sporocysts which was found attached to the mantle near 
the head of a snail is shown in Figure 1. 
Spines were observed on the anterior end of young 
daughter sporocysts as they moved slowly by contraction 
and expansion of t he body wall. The sporocyst wall 
seemed to contain oily globules which were character-
istic and made the wall readily distinguishable from 
germ balls or cercaria! embryos within (Figure 2). 
Large germ cells and small darkly-staining cells with 
long fiberlike processes, as well as small, round cells 
with little cytoplasm, all as described by Price (1931) 
were observed. The fiberlike processes were more easily 
visible in stained paraffin sections. Germ balls and 
cercaria! embryos in various stages of development were 
observed (Figure 3). 
Chromosomes, fourteen in number and conforming to 
the p attern indicated by Nez (19 54), were found in 
stained s quash preparations (Fi gure 4). 
Eyespots in cercarial embryos a pproaching maturity 
were the concave-convex discs described by Cart (1 915) 
for the cercaria (Figure 5). In the e arlier st ages of 
c e rcarial development, eyespots showed s ome v ariation 
(Fi gure 6 ). In infecti ons of four months or long er, the 
number of sp orocysts was very g re a t with a corresponding 
reduction in the amount of snail tissu e (Fi gure 7). 
Sporocysts from irradiated ~ 
In the dosage rang e u p to lOOOr the general appear-
ance and structure of the daughters did not differ from 
the controls. At lOOOr a slight difference was apparent 
in the sporocyst wall which had as swned a more granular 
appearance (Figure 2a). Develop ing g erm balls in every 
stag e of g rm..r th were observed as before. Tbe number of 
sp orocysts developing from eggs i r r a di a ted a t lOOOr and 
over wa s less than in the controls. 
The chromosomes of t h e cercari a l embryos presented 
a very di f ferent appearance. At a dosag e of lOOOr they 
sh m..red clumping (Figure 8 a ), reduction in number (Figure 
8 c), and fr agment a tion (Figure 9a). At 1500r the effect 
was more p ronounced Hitb greater clumping a nd further 
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reduction. At 2000r some cells shoHed fr agmentation 
with a l a rge number of small p ieces (Figure lOa). Others 
had enl a rged terminal chromatin bulbs (Figure 11). The 
size and shap e of the individual chromosomes did not con-
form to the p attern described by Nez (1954) and seven 
pairs could not be distinguished. 
Eyes p ots in the cercarial embryos shoHed some dele-
tion of p igment after lOOOr (Fi gure 12). Because of the 
continuous production of these embryos and the l a r g e num-
ber of developmental stages p resent \oii t h in a single 
daughter s p orocyst, ag e comparisons could not be made. 
For that reason, eyespots were s tudied more thoroughly in 
the cercari a e which h a d emerg ed from snails. 
Cercariae, controls 
General appearance and number 
The general a ppearance and morphology of these cer-
cariae fitted the descri ption given by Price (1931). Num-
ber estimates '\.vere partially subjective. 1tlhen water from 
a culture of shedding snails wa s tran sferred to a 1 00 ml. 
beak er, about two hours after the sna ils had been put in 
the dark, the cerc ari a e coming to the surfa ce in ten min-
utes in resp onse to light were estimated a s a l most cover-
ing the water surface, about half covering it, or just 
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scattered. 
Chromosomes 
In squash preparations of cercariae, no mitotic fig-
ures were observed. Figure 13 shows typical cercarial 
nuclei at interphase. Cells of mature cercariae were always 
smaller than those of cercarial embryos or germ balls in 
sporocysts in which mitotic figures were prominent (Figure 
8b). 
Eyes pots 
Eyespots were fully-formed concave-convex discs as 
described by Cort (1915). The pigment granules were of 
fairly uniform size with a little variation in diameter 
(Figure 14b). The distance between the two eyespots, a 
measurement not recorded by previous investigators, aver-
aged 30)U(Figure 14c). 
Cercariae ~ irradiated ~ 
General appearance and number 
As in the case of the sporocysts the number of these 
was less than in the control infections. As indicated 
under the controls, no detailed counts were attempted. 
One cercaria from a 4oor group had two tails. Before it 
could be photographed the tails had been shed (Figure 15), 
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but the abnormality is evident when comnared to a normal 
cercaria that had shed its tail (Figure 16). Except as 
described for eyespots, the general appearance did not dif-
fer from the controls. 
Chromosomes 
As indic ated under controls, no mitotic fi gures \vere 
observed in the cercariae. 
Eye s pots 
While the general eff ect in the eyespots was reduc-
tion, a more evident effect of the irradiation was lack 
of uniformity in the size of the individual pigment gran-
ules. Figure l4a shows the eyespot of a cercaria irrad-
i ated at lOOOr in the egg stage. After a dosage of 2000r, 
a differences in the size of the two eyespots was notice-
able (Figure 17) and also what might be termed c onver gence, 
a reduction in the distance between the two. This was so 
obvious that the n earness of the two was discernible under 
very low p ower in many of these specimens. 
Adult worms, controls 
As noted in the larval stages of the parasite, varia-
tion in si ze was c omr.1on among the controls. Slight dif-
ferences in the arrangement of the gut were also present 
but the prevailing pattern was always evident (Figures 18 
and 19). The reproductive organs were normal in all speci• 
mens examined (Figures 20 and 21) conforming to the descrip-
tion given by Price (1931). Large numbers of sperm were 
visible in the lobules of the testes of the males and also 
in the seminal receptacle of the females (Figures 22 and 
23). Under phase each sperm head showed two dark areas 
separated by a light cross band (Figure 22a). In infec-
tions of more than six weeks' duration, well-developed 
eggs were always seen in the uterus of the female (Figure 
24) .. 
Adults fr£ill irradiated ~ 
Abnormal adults finally resulted from eggs which had 
received lOOOr (Figure 25). They were much smaller than 
the smallest of the controls and outside the range indi• 
cated by Price (1931). The uterus was filled with unor-
ganized granular material without shells (Figure 25a). 
In some specimens the uterus contained eggs with normal 
appearing shells and abnormal contents. In many of these 
eggs there were four to eight separate cells (Figure 25b). 
No sperm were seen in the seminal receptacle of these 
29 
females. In the liver of one hamster in which these worms 
developed there were a few eggs from which miracidia e-
merged. Although snails were exposed to these, no further 
development was observed. The males showed abnormalities 
especially of the testis (Figures 26a and 26b). Phase 
microscopy showed sperm heads composed of heavily pig-
mented chromatin masses, without the light cross band ob-
served in the normal sperm. 
Table I shows the effect of X-irradiation on eggs 
as indicated by development of successive stages in the 
life cycle. 
Adults from irradiated cercariae 
These adults showed gre~ter deviation from the con-
trols than did the above group at the same dosage. Ab• 
normalities appeared in adults from cercariae x-rayed at 
700r. In these the male reproductive organs were not 
clearly delineated and abnormal sperm were irregularly 
distributed (Figures 27a and 27b). The uterus of the 
female contained no eggs (Figure 28). 
Cercariae X-rayed at 900r did not develop into 
adults. Hematin deposits in the liver of the hamsters 
indicated that some development had occurred since the 
parasite had migrated to that organ. 
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At lOOOr the female was extremely small, with ir-
regular gut and vitellaria formation (Figure 29a). The 
uterus could not be distinguished. In two hamsters some 
abnormal eggs were found in the liver. Cells from an 
adult male of this group showed peculiar chromatin con-
figurations with band formations and spiral twists (Fig-
ure 30). 
At 2000r no adults were found. At 3000r one parti-
ally disintegrated worm was found in a blood vessel of 
the liver (figure 31). It was impossible to determine 
the sex of the animal. 
After 4000r no adults were found, but as in previ~ 
ous cases hematin deposits in the liver gave evidence 
of partial development. No hematin deposits at all were 
observed after 5000r and the same was true of the 9000r 
exposures. 
Table II shows the effect of various dosages of 
X-irradiation on cercariae as indicated by development 
of successive stages in the life cycle. 
Adults, irradiation of males onli 
Hamsters exposed to male cercariae x-rayed at 700r 
and later to control female cercariae produced both male 
and female adults. Sperm in the seminal receptacle of 
the unirradiated females were fewer in number and less 
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elongated than the controls (Figure 32). Eggs found in 
the liver hatched, producing normal-appearing miracidia. 
In hamsters exposed to male cercariae irradiated at 
4000r and control female cercariae, the females devel-
oped into adults with normal appearance. The eggs in 
the uterus were completely lacking in internal organiza-
tion, with masses of granules filling the shells (Figures 
33 and 33a). 
Adults from irradiated hamsters 
In those experiments in which the hamsterswere ir-
radiated on the abdominal region immediately after the 
cercariae had been applied, the results were no different 
from those in which the cercariae had been X-rayed before 
exposure of the hamster. When two weeks or longer had 
elapsed between the exposure of the hamster and the ir-
radiation, the hamster was given a total body X-ray in 
order to reach parasites which might be in migration. 
The dosage was limited to 800r in order to avoid too 
drastic a change in the general condition of the hamster. 
Male and female adults were produced, but the number of 
eggs was decidedly reduced. 
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~, controls 
Eggs in hamster liver or in the blood vessels of the 
intestinal wall varied greatly in size, according to the 
stage of development. The largest ones always contained 
embryos of normal structure (Figure 34). When these 
were separated from the surrounding tissue and placed in 
pond water, movement was soon apparent within the egg 
membrane. In some instances motion was evident even in 
saline or in the liver tissue under pressure of a heavy 
cover glass. 
~, experimentals 
Eggs from adults irradiated at lOOOr in the previ-
ous egg stage were very numerous but atypical in struc-
ture {Figure 35). Many had the same abnormalities as 
those still in the uterus of the female, large masses 
of unorganized granular material inside a thin shell. 
Others were completely calcified. 
Eggs from adults irradiated at lOOOr in the cercari-
al stage were very few and very abnormal in appearance 
(Figure 36). 
Table III shows a comparison of some typical egg 
counts for controls and experimentals. 
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OBSERVATIONS ON INTERMEDIATE HOST 
As infection progressed, the mortality rate of in-
fected snails was ordinarily about 20 times that of un-
1nfected controls. In summer when the laboratory temper-
ature rose far above the 20° - 24°C optimum for Lym~~ 
~ustris the mortality rate for newly exposed snails 
reached 100% for several experiments of 100 snails each. 
At the same time, newly hatched snails succumbed by the 
thousands, while previously infected snails and older un-
infected controls showed very slight increase in mortal-
ity. When oligochaetes were found in cultures, cercariae 
were lacking. The reverse has not been established, be• 
cause if cercariae were present, the search was not pro-
longed and oligochaetes may have been overlooked. 
The ovotestis of uninfected controls contained 
developing ova and developing sperm in the same lobule. 
The ova were large with a plentiful supply of yolk, 
while the sperm were conspicuous in bundles (Figure 37a). 
Upon dissection of uninfected snails, the spermatid 
bundles which were floating freely in the tubules gushed 
out into the saline and were visible at a magnification 
of 30x. The sperm tails were extremely long, often 
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becoming entangled while the heads remained attached to 
the Sertoli cell (Figure 37b). 
In contrast the infected controls had very few sperm 
bundles. The reproductive gland showed progressive de-
crease as the daughter sporocysts extended their growth 
through the liver. The amount of liver tissue was also 
greatly reduced in heavy infections (Figure 38a). Snails 
infected with X-rayed parasites more nearly resembled the 
uninfected .controls in the development of the hermaphro• 
dite gland (Figure 38b). 
These changes in the extent of the ovotestis were 
reflected in the number of eggs deposited by the snails. 
In large, uninfected controls the production of eggs in-
creased with the age of the snail. Many deposited egg.s 
every day for long periods of time. In heavy parasitic 
infections, egg production gradually diminished . and' .:. :f!.i-
nally ceased altogether while the snail continued to 
shed cercariae. 
The shell also gave evidence of lack of nutrition 
with the progress of the infection. The tip of the 
spire eroded in many cases and in others the outer layer 
of the shell showed numerous erosion spots. Occasion-
ally a hole app~ared through the shell ~ exposing the 
35 
liver, and this was usually followed by the death of the 
snail within 24 hours. There .was ~ome growth of shell 
even during the heaviest infections, but it was so slight 
that the outer margin took on a stunted appearance, while 
the maximum length was about half that of controls. The 
light color of the infected snails indicated that kera-
tizination did not proceed normally (Figure 38c). 
OBSERVATIONS ON MAlJMALIAN HOST 
Although the progress of the early development of 
the parasite within the hamster could not be detected 
by any external sign, as soon as the egg burden had in-
creased to an injurious level, it was possible to tell 
an infected hamster from an uninfected control (Figure 
39). Failure to gain weight, loss of fur, folded-back 
ears, partially closed eyes and a slightly unkempt ap-
pearance were the usual signs which became increasingly 
evident. 
In a heavy infection, the viscera were smaller 
(Figure 39~, the liver had a mottled appearance even 
macroscopically, and hematin deposits and eggs were 
strikingly apparent in a press preparation. In any in-
fection in which the developing parasites had migrated 
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to the liver, hematin deposits were there as evidence. 
The small blood vessels on the inner curvature of the 
intestine were frequently filled with eggs, and fibrous 
nodules containing eggs extended into the mesentery (Fig-
ure 40). In some cases obstruction of blood vessels had 
caused hemorrhage. Splenomegaly was another indication 
of an active infection. 
~nisexuall~ infected hamsters 
In these animals the condition was less acute. Al-
though the females produced eggs, the number was never 
so great as in bisexual infections and the effect on the 
hamster was less injurious. In male infections, the host 
more nearly resembled an uninfected control, so far as 
fur condition and external appearance were concerned, but 
the weight, while greater than in the case of a heavy in-
fection, was less than that of controls. 
Experimental infections 
With increasing X-ray dosage on the parasites, most 
of the external symptoms of infection were decreasingly 
apparent. Thrifty appearance, smooth full fu~ and weight 
nearer to that of uninfected animals were commonly ob-
served. 
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FI G URES AND TABLES 
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FIGURE 1 C ON TR OL 
MOTHER SPORO Cy ST WI TH DAUG HTER 
(ACET O- G ENTIAN VI O LET ) X 225 
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F I G URE 2 - C ON T RO L 
D A U G H ~ ER SPORO CY ST WI TH C ER C ARIA E 
P H ASE (U NSTAINED) X 2' 50 
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FI G U RE 2a - lOOOr 
DAUGHTER SPOROCYST WITH CERCARIAe.: IRRADIATZD IN E GG STAGE 
C OMPAR E FIGU RE 2 
PHAS E ( U NSTAIN E D) X 2 50 
4 1 
F I G UR E 3 C ON T ROL 
ST AINE D P ARAFFIN SECTION T HROUGH DAUGHTER SPOROCy ST 
(H & E ) X 86 0 
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F I G URE 4 C ON T ROL 
CH ROMOSOMES I N C ELL F ROM CE R C ARIAL E MBR Y O 
NORMAL DIPL O ID N U MBER 
(AC E T O-OR C EIN ) X 6 50 0 
4 3 
F I G U R E 5 - C ONTROL 
C E R C ARIAL EM BR Y O WIT H EJ:E SPO T 
(H E I D E N H AIN ) X l9 4 0 
±4 
' 
F I GU R£ 6 - C ONTRO L 
EAR L Y E MBRY O EYESPO T D ET AIL 
( H EIDEN H AIN ) X l94 0 
FI G U RE 7 - C ONT R O L 
SN AIL - NORMAL IN F 'C TI O N - SPORO CY S T S 
NO OVO T E S TIS O R LIV · R TISS U~ 
( HE IDEN HIAN ) X 19 4 0 
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F IG URE 8 A 
l OOOr 
F IG URE 8 B 
CONT ROL 
A - C H ROMOSOMES F ROM SPOROC :X: ST IRRADIAT ED IN E GG ST AGE 
C ONDENSED C HR OMA T IN MASSES - RESIST ANT T O SPREADING 
B - CHROMOSOMES F ROM NORMAL SPOROC :x: ST - DIPLOID NU MBER 
BO TH (A C E T O-G ENT IAN VIOLE T ) X 4500 
FIGU R E 8c - lOOOr 
C E L LS F ROM SPOROC~ ST IRRADIAT ED IN E GG STAG E 
CLU MPED CH ROM ATI N - I RRE G U LAR N UCL E I 
( A C E T 0 - G E N · ~c · I A N V I 0 L E T ) X 6 4 0 0 
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FIGURE 9A 
lOOOr 
F IGURE 9 B 
C ONTROL 
C HROMOSOMES F ROM SPOROCy ST 
A- IRRADIAT ED IN E GG STAGE- CLUMPE D CHROMAT IN 
B - C ONT ROL - NORMAL DIPLOID 
BOTH (AC E T O-G ENT IAN VIOLET ) X 4500 
F I G U RE lOA 
2000r 
F I G URE lOB 
C ONTROL 
A - CHROMOSOMES F ROM SPOROC :t ST IRRADIATED IN E GG STAGE 
FRAG MENTATION, IRREGULARIT Y IN SR_APE AND NUMBER 
B - CONTR OL -. NORMAL - 7 :pAI RS 
BOTH (ACET O-ORCElli) X4500 
4 9 
50 
F I G URE 11 200 0r 
CHROMOSOME S F ROM CER CARIAL EMBRY 0 IRRADIATED IN E GG STAGE 
CHROMOSOME S C L UB SHAPE D - NU MBER INCOMPLETE 
(A C ETO-ORC EIN) 6400 X 
F I G URE 12 - l OOOr 
DEVE LOPIN G EY E SPO T IN CE R C A R IAL EMBR l:: O 
IRR E G U LAR 
A CET O- G E N TI AN VIOL ET 
5 1 
F I GURE 13 - C ON TH O L 
N UC LEI O F MATU R E CERC ARIAE 
INTERP H ASE CH ROMA TI N PATTERN 
(ACET O-O RCEI N ) - X 4500 
F I G U RE 1 4 A 
10 0 0 r 
FI G U RE 1 4 B 
C ONTROL 
A - E YESPOT OF C ERCARIA IRRADIATE D IN E GG STAGE 
RES T RI C TED PI G MENT 
B- E yE SPOT O F NORMAL C ER C AR I A 
B O TH (ACET O-OR C EIN ) X 4 8 5 0 
53 
54 
FI G U R E 14C - C ON TR O L 
EYESPO T S O F CERCARIA 
( A CET O-O RCEIN ) X l290 
F I G U R :2.; 1 5 - 400r 
CER CARIA S:f-~OWING P OINTS O F A T T ACHM~NT 
OF T WO T AILS (TAILS SHED) 
(U NS T AIN Z D ) 500 X 
5 5 
5 6 
J 
F I GU R E 16 - C O NTROL 
C E R C A R I A S H OW IN G S IN G L Z P 0 IN T 
O F T AIL A TT AC H M .2NT (TAI L SI-L:::: D) 
( U NS TAI NE D ) 500 X 
FI G U R E 1 7 2000 r 
E YE SPOT S OF CER CA RIA IRRADIATED IN E GG ST A GE 
IRRl~GULARITY IN SIZE AND SHAPE P IG M E NT G R A N UL ES 
AB NORM A L C O NVER G ~ N C B 
( A CET O-O R CEI N) X 2 91 0 
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F' I G U R E 18 - C 0 N T R 0 L 
AN T ERIOR PORTION O F AD U L T MAL !~ 
( A C ETO -O RCEIN) 60 X 
FI G U R E 19 - C ON TR O L 
AN TE RIOR POR TI ON O F AD U LT FE MALE WORM 
(AC E T O-O RCEIN ) 65 X 
.:) 9 
60 
F I GU RE 20 - C ON T ROL 
PO RT I O N O F TE S TI S O F A DUL T MALE 
(ACET O- BI SMA RC K BR OWN) X 8 60 
6 1 
F I G U R E 21 C ONTROL 
AN TERI OR PORTION O F AD ULT F EMAL E WORM 
( A C ETO-OR C EIN ) 20 0 X 
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FI G URE 22 C ONTRO L 
PORTION O F TE S TI S O F AD U LT MAL E WORM 
(ACET O-O RCEIN ) 2200 X 
F I GU R E 22 a - C ON T ROL 
SPERM IN T E S T IS O F AD U L T MAL E 
P H ASE (U NS T AIN E D) 2200 X 
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F I G U RE 23 C ON TR O L 
SE MINAL RECE P T AC L E OF ADUL T FE MALE WORM SHOWING SPE RM 
( A C E T O-O RCEI N ) 2200 X 
65 
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FIGU R E 24 C ONTRO L 
N O RM AL D E VEL O P M ENT O F EGG S W ITHI N UTE R U S 
U NST AI N E D 1300 X 
6 6 
F I G U R E 25 - lOOOr 
ADULT F EMALE WORMS IRRADIATED IN PREVIOUS E GG ST AG E 
.~ X T RE M .8 VAR IA TI ON IN S IZE 
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TABLE I 
EFFECT OF VARIOUS DOSAGES OF X-IRRADIATION ON EGGS 
AS INDICATED BY DEVELOPMENT OF SUCCESSIVE STAGES 
IN THE LIFE CYCLE 
Dosage 
in r Miracidia 
4000 + 
3000 + 
2500 + 
2000 + 
1500 + 
1000 + 
900 + 
800 + 
700 + 
500 + 
+ = Normal 
f = Abnormal 
# = Very abnormal 
o = None 
Sporocysts 
* 
~< 
* 
t 
I 
;. 
+ 
+ 
+ 
+ 
* = Experiments continuing 
Cercariae Adults 
# 0 
* 
;. f 
+ + 
+ + 
+ + 
+ + 
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Eggs 
f 
+ 
+ 
+ 
+ 
TABLE II 
EFFECT OF VARIOUS DOSAGES OF X•IRRADIATION ON CERCARIAE 
AS INDICATED BY DEVELOPMENT OF SUCCESSIVE STAGES 
IN THE LIFE CYCLE 
Dosage 
r Adults Eggs Miracidia Sporocyste Cercariae Adults 
9000 0 
5000 0 
4000 # 
3000 II 
2000 0 
1000 ;. ;. ;. 
900 ;. 0 0 
800 I I I 0 +-I 
700 +I- +f +I- +I- +I- ;. 
500 + + + + + + 
+= Normal 
;. = Abnormal 
# =Very abnormal 
0 = None 
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TABLE III 
NUMBER OF EGGS PRODUCED BY ADULTS DEVELOPING 
FROM X-RAYED AND CONTROL CERCARIAE 
Number of Treatment of Number of eggs/gram 
Animals Cercariae of hamster liver 
1 Control 3066 
1 Control 3544 
1 Control 2200 
1 Control 1210 
1 Control 3500 
1 Control 1166 
1 Control 2530 
1 700r 0 
2 BOOr 0 
3 900r 0 
1 1000r 0 
1 lOOOr 160 
1 1000r 408 
1 2000r 0 
1 3000r 0 
1 4000r 0 
97 
DISCUSSION 
The typical inflated, sausage-shaped mother sporo-
cyst described by Cort et al. (1953) with daughters 
filling only a portion of the body cavity is apparent 
in Figure 1. Not all miracidia which penetrate the 
snail actually develop into mother sporocysts; some are 
unable to withstand the resistance of the snail host 
and are inactivated (Maldonado and Matienzo, 1947). In 
dissection of large live snails, mother sporocysts were 
difficult to find because of their small number and be• 
cause they were indistinguishable from their surround-
ings. Although Kagan et al. (1954) were successful in 
infecting and maintaining small snails at a minimum age 
of 29 days, in this laboratory exposure of small snails 
to several miracidia resulted in ·the death of the snails 
when daughter sporocysts commenced rapid growth in the 
digestive gland. 
Miracidia from eggs x-rayed at dosages above 2000r 
apparently were unable to penetrate successfully. Motion 
of miracidia in the side arm of the hatching flask did 
not reveal any difference between experimental animals 
9B 
and controls. Microscopic examination showed definite 
constriction in some X-rayed at 3000r . (Ftgure 43). Mal• 
donado and Matienzo (1947) reported that weakened forms 
of miracidia often show permanent body constrictions. 
No mention was found in the li t erature of the oily 
globules which were always associated with t he sporocyst 
wall. It may be that the oil is actually in portions of 
the snail liver adhering to the sporocyst as they are so 
closely approximated. No fat stains were used on any of 
these sections, but stained sections did not show any-
thing resembling adipose tissue as found in mammals. 
Cort (1915) considered it impossible to free an individ-
ual sporocyst to any length. In Schistos~ mansoni in• 
fections of Australorbis glabratus, the body of the spor-
ocyst formed a complex with the surrounding snail tissue 
so that it was very difficult to separate the two (Mal-
donado and Matienzo, 1947). The granular appearance of 
the wall of the sporocyst developing from eggs that had 
received lOOOr or more X-irradiation may have been due 
to a lessened ability to derive full nourishment from the 
snail liver. Faust (1920) observed food vacuoles pass-
ing from the cells of the snail liver into the daughter 
sporocysts. If the globules are part of the complex 
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mentioned by Maldonado et al. (1947), lowered activity 
on the part of the sporocysts which developed from 
X-rayed eggs may have produced a different response on 
the part of the snail and thus produced this difference 
in appearance. Complete histological study of the snail, 
controls and parasitized specimens, would settle this 
point. 
Embryos in the mother sporocysts of £• douthitti, 
unlike those of other Schistosomatidae, develop synchron-
ously (Cort et al., 1954 ) so that daughter sporocysts in 
an infection are all about the same age. Therefore, 
valid comparisons of X-rayed parasites and controls can 
be made. The number of germinal cells in the mother 
sporocyst according to Cort et al. (1954) ranges from 
150 to 200. The size of the snail would presumably in-
fluence the number which would eventually become mature 
daughters. The number observed in controls averaged 50, 
while the number in x-rayed infections was about 25. 
Whether this decrease was because fewer were produced 
by the mother sporocyst, or because a smaller number of 
daughters had chromosomes sufficiently normal to mature, 
could not be determined. 
Under the phase contrast microscope, cells of the 
normal sporocyst at interphase showed large vesicular 
100 
nuclei wi th scattered c~~omatin. In contrast to these 
were abnormal formations in interphase of s ~ orocys ts from 
X-ray ed eggs. In squash prep arations of control material, 
formed chromosomes v.rere clearly visible i n cells under-
going mitosis. Identification of the seven p airs a s described 
by Nez (1954) was e asily made: 2 pai rs long metacen tric, 
4 pairs s h ort tela- to subtelocent ric and 1 pair very small 
(Figure 8 b). No search was ma de for s ex chromosomes rep orted 
by Short (1955) and Short and Menzel (1955). 
Definite clumpi ng of ch romosomes in cercarial embryos 
developing f rom eggs irradiated a t lOOOr was indicative 
of 11 stickiness 11 of formed c h romosomes. This effect has 
been ~ointed out by Carlson (1950) as one of the factors 
delaying anaphase separation. Koller (1953) includes 
stickiness a s one of the physiolo gical effects of irradi-
ation. Bacq and Alexander (1955) p oint out t hat t his con-
dition is not observed after extremely low dose r ates, and 
sugges t a s a pos sib le interp ret ation t hat t he radi a tion-
induced biochemical chang e s which c aus e tbe stickiness do 
not a ccumul ate a t low dose r a tes, vJhi le at highe r intensi-
ties the disturbances produced are not rep ai red and as a 
result stickines s appears. Fragmentation and deletj_on can 
account for the reduction in number of ch romosomes. 
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After 2000r, fragmentation became the most notable 
effect in some cells, while others showed chromosomes with 
swollen tips. Kaufman (1947) reported delay in reattach-
ment of chromosome fragments following X-irradiation of 
sperm of ~· melanogaster. X-irradiation of the neuro-
blast of Charto~haga viridifasciata resulted in fragmen-
tation translocations (Carlson, 1950). Breaks induced 
by ionizing radiation are believed to be responsible for 
the delayed death of the cells (Bacq and Alexander, 1955). 
Cercaria~ 
Ability to elongate to twice their length and to 
contract to one half of it makes size a very unreliable 
measurement for these forms. In general there was no 
apparent difference in the size of the irradiated speci-
mens as compared to the controls. Babero (1952} found 
no difference in size between larvae of Ascaridia ~alli 
from X-rayed eggs and those from controls. Lack of mi• 
totic figures in the cercariae which had emerged from 
snails, suggests the possibility of a terminal stage of 
development. If this is so, metabolism of the cercariae 
during the brief fre e-living interval would operate in 
the direction of con·servation and storage of energy 
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rather than toward cell multiplication. 
The size of the eyespots in the cercariae was con-
sidered regular enough to be used as a criterion of com-
parison with specimens developing from X-rayed eggs. 
Differences in the size of two eyespots in the same spec-
imen was found only in the irradiated parasites. Diminu-
tion of pigment indicated in the cercarial embryos was 
confirmed in the cercariae. The effect of X-rayson eye 
pigment has become a familiar phenomenon in experiments 
on Drosophila. The Bar eye in this organism is due to 
a repeated segment of one chromosome, which was broken 
previously to meiotic division. Goldschmidt (1945) ob-
served that the Bar effect is produced by later onsets 
of divisions of the anlage cells of the facets. The pig• 
ment in the cercarial eyespots was brown in unstained 
preparations. Whether or not it is related to the brown 
pigment in ommatidia of compound eyes of many insects 
has not been established. The insect pigment is a com-
plex of protein and pigment deposited in granular form 
in various parts of the ommatidial unit. The pi-gment 
itself has not been chemically identified but some of 
the intermediates in its biosynthesis have bee .. J dis-
covered (Wagner and Mitchell, 1955). Each of a long 
103 
series of steps 1P the production of pigment has been 
interrupted by gene mutations in a number of different 
insects (Gaspari, 1949; Ephrussi, 1942). In the pres-
ent study the reduction in amount of pigment was accom-
panied by great irregularity in the size of the pigment 
granules. X-irradiation may interfere with the produc-
tion of an enzyme necessary for formation of the normal 
amount of pigment. Dosage producing the greatest abnor~ 
malities in eyespots was higher than the dosage which 
permitted development of cercariae into adults. 
Adult worms 
Irregularity of snails in shedding cercariae (Kagan 
et ~1., 1954) made it difficult to maintain absolute uni-
formity in exposing hamsters. Infectivity of cercariae 
has been found to vary also (Stirewalt and Evans, 1951). 
About 50% of the cercariae were recovered as adults in 
the controls, the range extending from 0 to 60%. After 
preliminary experiments had been carried out and the 
technique established, only 3 hamsters failed to produce 
adults in control infections. 
Distribution of the adult worms within the hamster 
was not affected by the X-rays. In unisexual infections, 
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male or female, the worms were distributed more widely in 
the small vessels of the intestinal serosa than in the 
larger mesenteric veins. In bisexual infections, when 
oviposition of eggs had filled up the vessels close to the 
intestine, many adults were found in the vessels of the 
meso-appendix. Short (1952) found a larger proportion 
of females in the liver in unisexual infections than in 
bisexual infections in Peromyscu~ parasitized by S. 
douthitti. 
In contrast to the condition in the cercariae, adults 
resulting from eggs irradiated at lOOOr were much smaller 
than controls. In one hamster, 15 eggs per gram of liver 
were found and a few of these proved viable. Snails were 
exposed to them but no further development was observed. 
In experiments of Alicata and Burr (1949) with Trichinella 
~iralis, infected rat meat was exposed to gamma rays from 
radio-active cobalt with the beta rays filtered out. When 
the meat, irradiated at a dosage equivalent to 8000r, was 
given to rats, undeveloped embryos were found in the adults 
which developed from the larvae. 
Adults developed from cercariae irradiated at 700r 
showed slight abnormalities in some cases only. In these 
the testis of the male was poorly demarcated and no eggs 
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were found in the uterus of the female. Gould et al. 
(1953) X-rayed trichina larvae with results similar to 
those of Alicata and Burr (1949). A dosage of 3500r in 
vitrQ prevented reproduction, while 5000 - 6000r pre-
vented maturation to adults. Damage to chromosomes does 
not always prevent mitosis, but it may interfere with 
meiosis. At 800r these abnormalities were more evident. 
After lOOOr the adults were very few, decidedly deformed 
with few eggs and no miracidia. Abnormality was evident 
in the gut and reproductive glands of one female (Figure 
29a) in which the usual befurcation of the gut was lack-
ing in the anterior portion, and gut and vitellaria were 
indistinguishable at the posterior end. 
A striking comparison may be made between the effect 
of lOOOr on the eggs and that of the same dosage on the 
cercariae. Parasites irradiated in the egg stage devel~ 
oped into mother sporocysts, and from these the daughter 
sporocysts, cercariae and eventually the abnormal infer-
tile adults resulted. The comparative life span was much 
shorter for the irradiated cercaria which was inhibited 
in the next successive stage. This is in contrast to 
other invertebrates which were more vulnerable in the egg 
stage, for example, the MLD for Drosophila eggs was 
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reported as 155r, for the larvae 1300r and for the imago 
95,000r (Crowther, 1938). Actually, the lethal dose is 
not under consideration for the parasite, but the sensi-
tivity is worthy of note. The egg of the blood fluke 
contains a fully-formed miracidium and not actively di~ 
viding cells. In transforming to a sporocyst, the in• 
ternal organs of the miracidium are discarded to a cer-
tain extent. Some of the germ cells probably remain un-
injured, in large part at leas t. , and these are able to 
produce the successive stages. In the case of the cer-
caria, damage to internal organs and structure is re-
flected in the condition of the adult developing from it. 
The medium would also have an effect, since the cercariae 
in three drops of pond water may have been subjected to 
greater ionization reactions than the eggs in macerated 
liver. Thomas and Quastler (1949) noted that Rhabditis 
sp. required twice as much x-ray in the dry ·state to 
produce the same effect as in the wet state. 
The question of recovery might also enter into this 
comparison. While Halbersteadter and Back (1942) ob-
served no recovery from irradiation effects in Pandorin~ 
colonies, Henshaw (1940) reported that X•rayed Arbacia 
eggs did recover to a certain extent before fert i lization 
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with normal sperm, and that those delayed longer showed 
less X-ray damage. In the present experiments the mira-
cidia in water were capable of penetration for a few hours 
after exposure to snails. Some recovery could have taken 
place in that time. Once the miracidia began to penetrate 
the snail, metabolic processes would probably speed up and 
further recovery would be inhibited. The X-rayed cercariae 
had less time for recovery. They had migrated from snail 
tissue to fresh water before irradiation. Immediately after 
irradiation they had to penetrate the hamster skin quickly 
in order to survive. After penetration it was necessary 
to adjust to the internal environment of a vertebrate as 
they commenced the route in the lymphatic vessels. 
In the uterus of a female adult which developed from 
a cercaria x-rayed at lOOOr were eggs containing 4 to 8 
separate cells. When gametes of Arbacia eggs were irradi-
ated before fertilization, cleavage gave rise to several 
instead of two blastomeres (Henshaw, 1940). Multipolar 
cleavage occurred, thus causing chromatin destined for 
two cells to be divided among several. This condition 
led to chromatin deficiency in cell progeny and in most 
cases cell death. In Henshaw's investigation, the multi-
polar cleavage was shown by accessory asters. 
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The partially disintegrated worm which r esulte d from 
cercariae X-rayed at 3000r indicates the greater injury 
at higher dosage. Morphological abnormalitie s in Ascaridia 
galli larvae from egg s X-rayed at 20,000 and 40,000r were 
more varied and more pronounced than those from eggs 
irradiated at 5000 and lO,OOOr (Babero, 1952). Both sen-
sitivity range and lethal dose are much lower in S. dou-
thitti than in the nematodes (Babero, 1952; Gould et al., 
--
1953). 
Slight abnormalities appeared in the s perm of adult 
males which developed from cercariae X-rayed at 700r. 
These sperm were visible in the seminal receptacle of the 
unirradiated female in the same hamster. Miracidia 
hatched from the eggs of these females, but the snails ex-
posed to them all died. In hamsters exposed to males 
X-rayed at 4000r and later to unirradiated females the 
eggs of the latter showed great abnormalities (Figure s 33 
and 33a). It is to be noted t h at these e ggs, from a female 
which is capable of producing viable eggs in the absence 
of a male, were adversely affected by the p r e sence of 
gametes from an irradiated male. In Habrobracon, which 
can produce viable eggs parthenogenetically, when X-rayed 
sperm penetrated the untreated eggs, the l atter did not 
hatch because the sperm had a dominant lethal effect ('ltJhi t-
ing, 1938). 
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In adults from irradiated hamsters, results were no 
different from those in which cercariae had been X-rayed 
before exposure of the hamster. Kawamura et al. (1924) 
--
working with doge and rabbits infected with Schistosoma 
~nic~ found that X-ray had to be given very early in 
the infection in order to have any effect. An exact com-
parieon of dosage cannot be made. The unit of quantity 
H ('fiolzknecht) has been defined as equivalent to 1/ .5 of an 
erythema dose, which can mean 200r to 300r. At 50r, 16 
to 40 H would mean a high dose for dogs or rabbits. In 
the present work a dosage that would affect the parasites 
would be close to the level that might harm the hamster. 
Swift et al. (1954) found that considerably lower mortal• 
ity resulted from 875r X-irradiation of the entire body 
in mice if the abdomen were exposed 90 minutes prior to, 
or following, exposure of the remainder of the body. In 
this way regionally fractionated X-irradiation equivalent 
in dose to total-body exposure was achieved. This method 
offers promise for future experiments with the mature 
parasites. 
The cytoplasmic beads on the tails of clusters of 
developing s perm which were so numerous in the uninfected 
snails (Figure 41) have been photographed for the marine 
snail Onchidoris muricata by Franzen (1955). 
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Possible effects 2£ the cells of the parasite 
According to Watson and Crick (1953) the nuclear DNA 
structure, which consists of a pair of complementary poly-
nucleotide chains bonded together Hith purine and pyrimidine 
bases, may p rovide a basis for genetic s~ecificity. It h a s 
been suggested (Beadle, 1956) that gene function involves a 
transfer of DNA to RNA and thence to such macromolecules a s 
proteins. This accords with the contention that the purine 
and pyrimidine bases vary among species and in different 
members of the same s pecies (Gulland et al. 1945 ) . Such a 
fundamental concer)t of gene morphology allovJS a variety of 
results to be ob tained by various forces acting on the nuclear 
material. X-ray effects on the chromos omes have been recog-
nized as producing significant changes. The fre quency of 
chromosomal break s is pr oportional to the dose and there-
fore the physiologic al changes which precede this chromo-
somal alteration may supposedly be dep endent unon the dosage. 
Nucleic acid is rapidly decomposed by the disruption of the 
purine and yyrimidine structure when irradiated by ultr a -
o 
violet light in the region of 260 0A (Wagner and l'iitchell, 
1955). Similar effects are obt ained on a less extensive 
scale t hrough radiation. Warburg (1956) has interpreted 
the effect of X-rays on normal cells in the followi ng v..1 ay. 
Respirat i on c arried on by the mitochondrial elements of the 
cells can be destroyed by strong doses of X-rays , whereas 
t h e small amount of respiration Hhich is c arried on by the 
lll 
protoplasm can be inhibited to a v ery small extent by ir-
r adiation. \Vhen respiration has been irreparably damaged, 
an increase in the process of anaerobic ferment ation gradu-
ally re) laces the normal respiratory process. For increas-
ing fermentation, a long time and many cell divj_sions are 
necessary. This may explain in part at least the effe ct 
of X-rays on the egg s which resulted in develo pment of 
several successive stages of t he life cycle but eventually 
terminated in sterile adults. 
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SUMMARY 
The effect of v a r ying dosages of X-irradiation on 
e gg s and c e rcari a e of Sch istosomatium douthitti was studied. 
Reduction in number of s p orocy sts, cerc ar i a e and 
adults was noticeable after dosage of 700r. Reduction in 
size of the individual p a r a site was observed in adults 
wh ich develop ed from e gg s or cercari a e irradiated a t l OOOr. 
Chromosomes of ger m b alls and cercarial embryos in 
sporocysts which develop ed from irr a di ated eggs showed ab-
normalities which increased with X-ray dosage. At lOOOr, 
clumping, fragmentation and reduction in number were ob-
served. At 1500r clumping and reduction 1..rere evident. 
At 2000r fra~nentation p redominated in some cells and clump -
ing in others. No mitotic figures vJere f ou nd in cerc ari a e 
which had emer g ed. 
Eyespots which s h owed a slight reduction in si z e in 
develop ing cercarial embryos, were definitely reduced in 
t h e mature cerc ariae. Variation in t h e size of t h e indi-
vidual p i gment g r anules was noticeable after l OOOr, in 
contras t to t h e uniformity of granules in t he controls. 
At a dos a g e of 2000r two eyes p ots of an individual cer-
c ari a di ffered in size and were abnormally close t oge ther. 
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Irradiation of eggs up to 900r did not interf er e 
with hatching of miracidia and development of successive 
stages in the life cycle. After lOOOr there was reduction 
in number and size of the adults, and very few eggs were 
produced. 
A dosage of 700r on cercariae caused abnormalities 
of reproductive organs and inhibited egg production. 
After lOOOr females were very small with irregular gut, 
reduced vitellaria and indistinguishable uterus. In two 
hamsters, some abnormal eggs were found in the liver. 
Sperm under phase contrast microscopy were lacking a 
light crossband observed in controls. After 3000r, only 
one partially disintegrated worm was found. At 4000r, 
although no adults were observed, hematin deposits in 
the liver indicated partial development of the parasite. 
In the presence of male cercariae XQrayed at 700r, 
non-irradiated female cercariae developed into adults of 
normal appeexance with viable e ggs. Sperm showed slight 
deviation from normal. In hamsters exposed to male cer-
cariae X-rayed at 4000r and control female cercariae, 
the latter developed into adults with normal appearance. 
The eggs in the uterus, however, were completely lacking 
in internal organization. 
vVhen hamsters were irradiated on the abdomen 
immediately afte r exposure to cercari a e, results were 
similar to those obtained by irrad i a tion of cercari a e. 
~men irradiation of hamsters took p lace t vJO He eks or 
longer after exposure to cerc ari ae, with tot a l body 
X-irradiation limited to 800r, male and female adults 
were p roduced, but the number of e g g s was dec i dedly re-
duced. 
With incre a sing X-irradiation of the p arasite, 
there Has decre a sing inju ry to the hosts, both interme-
diate and definitive. 
The LD/50 for egg s was 22, 0 00r and for cerc ari a e 
8 000r. 
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ABSTRACT 
Schistosomiasis ranks high on the list of dis-
eases affecting large numbers of people throughout the 
world. With the increase of transoceanic travel and the 
discovery of new reservoir hosts, the problem has become 
more complex. Investigation and experimentation have in-
creased correspondingly. Schistosomatium douthitti (Cort), 
non-pathogenic for man, but with a life cycle similar to 
forms p arasitizing man, has been the subject of wide study 
within the last ten years. 
Although invertebrates from Protozoa t o ArtD~opoda 
have been exp osed to X-irradiation, p arasitic forms have 
been used in very few instances. Rabbits and dogs in-
fected Hith Schistosoma ,japonicum. (Katsurada) were X-rayed 
by Kawamura et al. (1924). Ascaridia galli (Schrank), 
Trichina and Rhabditis have been irradiated (Babero, 1952; 
Gould et al., 1953; Thomas and Quastler, 1949). 
The present study was undertaken to determine what 
effect X-irradiation would have upon the life cycle of this 
digenetic trematode in the laboratory, and to compare the 
sensitivity of eggs with that of cercari a e to varying 
dosages of X-rays. 
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The parasite was established through the courtesy of 
Dr. Robert B. Short of Florida State University, who sup-
plied laboratory-reared, infected Lymnaea palustris (Muller). 
Water from the outlet of Jamaica Pond, Boston, was used 
throughout the experiment. Methods for maintenance were 
similar to those outlined by Kagan et al. (1954). In• 
fected shedding snails were kept in reverse daylight, and 
cercariae from these were used to infect the definitive 
host, the golden hamster, Mesocricetus auratus (Waterhouse). 
Physical factors for X-irradiation were KV, 145; m. a., 
6.6; distance from target, 29 em.; inherent filtration, 
0.5 mm. Al. The dosage rate was lOOr per minute tested by 
a Victoreen 250r meter. Liver from infected hamsters was 
macerated and ground finely for irradiation. Snails were 
exposed individually in small test tubes containing 5 to 
10 miracidia. Cercariae were irradiated in concavity 
slides, and these were inverted over the moistened clipped 
abdomen of anesthetized hamsters. In a few instances 
hamsters were given total body and partial irradiation 
immediately after exposure and two weeks after exposure. 
Snails were crushed between microscopic slides and 
dissected in 0.7% saline. Temporary mounts of sporocysts, 
cercariae and adults, stained and unstained, were ex-
amined. Permanent whole mounts of cercariae and adults 
were made, as well as p a raffin sections of adults and 
snails. Photo-micrograph s were made of irradiated para-
sites at all stages of the life cycle. Comparative tab-
ulations showed the effect of various dosag es on egg s 
and on cerc ariae as indicated by development of succes-
sive stag es in the li f e cycle. A graph compared the p er-
cen tage of adults developing from X-ray ed e gg s with that 
from X-ray ed cercari a e. 
Reduction in the number of s ~orocysts, cercariae and 
adults was noticeable after dosages of 700r and over. Re-
duction in size of the p arasite was ob s erved in adults 
only. 
Chromosomes of ger m balls an d cercari a l embryos in 
s p orocysts which developed from irradi a ted eggs showed ab-
normalities which inCI'eased with X-ray dosage. At l OOOr, 
clump ing, fra~aentation and reduction in number were ob-
served. At 1500r, clv~ping and reduction were more p ro-
nounced and a t 2000r, fr agmentation p redomina ted in some 
cel l s and clumping wa s more evi dent in others. No mitot-
ic fi gures were found in cercari a e wh ich had emerg ed. 
Eyes p ot p i gment, Hhich sho v.red a slight diminution 
in cercarial embryos from irradiated e ggs, was definite-
ly redu ced in the mature cercariae. Vari a tion in t h e si z e 
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of the individual pigment granules was noticeable after 
lOOOr, in contrast to the uniformity of granule size in 
the controls. At a dosage of 2000r, the two eyespots of 
individual cercariae were unequal in size and abnormally 
close together. The effect of X-irradiation on eye pig-
ment has become familiar in experiments on Q~phila. 
Whether or not the brown pigment in the cercarial eye-
spots is related to the brown pigment in ommatidia of 
compound eyes of many insects has not been established. 
The X-irradiation may interfere with the production of 
an enzyme necessary for formation of the normal amount of 
pigment. The dosage producing the greatest abnormalities 
in eyespots was higher than the dosage which permitted 
development of cercariae into adults. 
Distribution of adults within the infected hamster 
was not affected by X-irradiation. Dosage up to 900r did 
not prevent hatching of eggs and development of successive 
stages in the life cycle. After lOOOr there was reduction 
in size of adults, and very few eggs or none. 
X•irradiation of cercariae at 700r caused abnormal-
ities in adults. The male reproductive organs were not 
clearly delineated and sperm were smaller in size and ir-
regularly distributed. Females produced no eggs. At 
lOOOr the females were extremely small, with irregular 
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adults with normal external appearance. Eggs in the 
uterus were completely lacking in internal organization. 
It is to be noted that these eggs, from a female which 
was capable of producing viable eggs in the absence of 
a male, were adversely affected by the presence of sperm 
from an irradiated male. 
When hamsters were irradiated on the abdominal 
region immediately after exposure to cercariae, results 
were similar to those obtained by irradiat ion of ceF-
cariae. When irradiation took place two weeks or longer 
after exposure, the hamsters were given total body ir-
radiation with dosage limited to 800r in order to avoid 
too drastic a change in the general condition of the 
hamster. Male and female adults were produced, but the 
number of eggs was decidedly reduced. These findings 
were in agreement with results obtained by Kawamura et 
al. (1924). 
With increasing X-irradiation of the parasite, there 
was decreasing injury to the hosts, both intermediate and 
definitive. Hamsters exposed to cercariae which had re-
ceived high dosages of X-rays showed external symptoms of 
a milder infection, and more nearly resembled uninfected 
controls. In snails infected with X-rayed parasites, ex-
ternal differences were less obvious, but injury to the 
hermaphrodite gl~nd was less acute. 
Results observed in this study may be recapitulated: 
l. Cercariae were more radiosensitive than eggs. 
Adults developing from cercariae irradiated at 
700r showed changes in the reproductive org ans, 
whereas adul t s from eggs irradiated at the same 
dosage showed no observable change. 
2. Reproduction was inhibited by irradiation of eggs 
at lOOOr and maturation to adults was inhibited 
by 2000r. 
3. Changes in chromosomes included clumping, frag-
mentation and reduction in number. 
4. Abnormalities of eyespots due to X-rays included 
reduction in size, variation in individual pigment 
granules, inequality in size of the eyespots of 
an individual, and r eduction in the distance be-
tween the two eyespots. 
5. The LD/50 for cercariae was 8,000r. 
The LD/50 for eggs was 22,000r. 
6. VJi th increasing radiation damage to the p arasite, 
there was a corresponding decrease in injury to 
both intermediate and definitive hosts. 
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